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SUMMARY 



Tests have been made in the NAG A free-flight tunnel 
to determine the effect of the fuselage length and the 
aspect ratio and size of tne vertical tail on lateral 
stability and control. Fuselages of two different length* 
and various vertical tail surfaces were used on a powered 
model in the investigation. Both flight and force tests 
were made. 

The tests indicated that a deficiency of tail area 
could not he overcome by an increase in fuselage length 
because the unstable moment of the fuselage as well as 
the tail effectiveness increased directly with the tail 
length, With a positive degree of directional stability, 
however, an increase in tail length provided increased 
stability. An increase in the aspect ratio of the verti- 
cal tail from 1.00 to 2.^8 increased the tail effective- 
ness by 67 percent. Power had a stabilizing effect on 
directional stability for single vertical tails; whereas 
a destabilizing effect was observed for twin tails. 
Dorsal fins improved the directional stability at large 
angles of yaw, 

INTRODUCTION 

The demand for increased performance of pursuit air- 
planes has made it imperative that the tail surfaces be 
restricted to the minimum areas required for satisfactory 
directional stability and control. One possible means of 
compensating for a reduction in tail size is to lengthen 
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the fuselage* In order to provide data on the possible 
reductions In tail area with an increased tail length, 
tests have "been made in the NACA free-flight tunnel of 
fuselages of two different lengths on a 1/10-scale, 
dynamic, powered model of a typical pursuit airplane. 
The long fuselage incorporated some additional drag- 
reducing features: ™he engine cowling was enlarged to 
accommodate the auxiliary cooling ducts and the mean 
line of the fuselage was modified. The nose of the fuselage 
was extended somewhat to maintain the original location 
of the center of gravity. 

In the investigation, the lateral- stability and 
lateral-control characteristics of the model in flight 
in the tunnel were determined with hoth fuselage lengths 
for four single vortical tails with two different areas 
and two aspect ratios. Dorsal fins were added to two 
of the tails. The flight tests were supplemented by 
force tests on the s i:-:-c omponent "balance in the same 
tunnel. In addition, force tests were made with a twin 
tail having the same total area and the sane aspect ratio 
as the largest single tail. 

SYMBOLS AND C IC I33TT S 





lift coefficient (L/qS) 




CD 


drag coefficient (D/q.S) 




Cl 


r o 1 1 in g-moraen t coefficient 


(L/qhS) 


^m 


pitch in g*-m omen t coefficient 




C Y 


lateral-force coefficient 


(Y/qS) 


°n 


yawing-momen t coefficient 


(H/ q/os) 


where 






L 


lift; rolling moment 




D 


drag 




M 


pitching moment 




Y 

8 


lateral force 
yawing moment 





s 



o 



and 

q dynamic pressure (ipV 2 ) 

4 1 ' q^ dynamic pressure at tail location 

p density of air, slug per cubic foot 

Y airspeed, feet per second 

S model wing area, square feet 

S± vertical tail area, square feet 

0 model wing span, feet 
c average model wing chord, feet 
T c thrust disk-loading coefficient ('T/pV 2 D 2 ) 

1 thrus t , pounds 

D diameter of ir.odel propeller * feet 

3, torque, pound-f.^et 

Q, c torque coefficient (^/pV^D 3 ) 

angle of attack of thrust line, degrees 

5 ^ flap deflection, degrees 

\J/ angle of yaw of model, degrees 

m slope of lift curve per radian 

1 tail length fron center of ^ravit • to rudder hinge 
line, feet 

A aspect ratio 



tail efficiency factor 



Cng rate of change of y aw ing-monen t coefficient with 
angle of sideslip in radians (dC n /dg) 

g angle of sideslip, degrees 
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AH forces and moments are given with respect to 
the stability axes. 



APPARATUS 
V/ind Tunnel 



The details and the operation of the 1TACA free-flight 
tunnel are described in reference 1. Dynamic models may 
be flown in the tunnel under t hu. remote control of a pilot 
seated below the tost section. The pilot observes the 
stability and control characteristics of the model while 
attempting to fly it along a fixed course. The pilot's 
observations are supplemented by motion-picture records 
of the model in flight. A photograph of the model as 
tested in flight is Shown in figure 1. 

Balance 

The six-component balance is located on top of the 
tunnel test section as shown in figure 2. A removable 
strut is used to attach the model to the balance. 

A diagrammatic sketch of the balance proper is pre- 
sented as figure 3. The linkage of the balance is arranged 
to give the moments directly with respect to a point located 
within the model. The angles of attack and yaw may be varied 
during the operation of the balance. The entire balance 
rotates with the model in yaw making the balance axes coin- 
cide with the stability axes of the model. 

Details of a typical balance-beam installation are 
shown in figure 4. Three types of knife edge are used: 
emery, block, and music wire. The forces arc manually 
balanced with unit weights and a sliding rider. Contact 
points at the end of the beam indicate an out-of-balanco 
condition by lighting neon lamps in the circuit. 

A photograph of the model mounted on the balance 
strut is given as figure 5. 

Model 

The model used in the investigation was a 1/10-scale 
dynamic model of the Republic XP-41 airplane. A three- 
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view drawing of the model shoving how the original fuse- 
lage was modified to form the lbUg fuselage is given as 
figure 5. The model was constructed chiefly of balsa 
with spruce reinforcements. The fuselage was hollow and 
contained the control-operating mechanisms and a 3/4- 
horsopower electric motor connected directly to a 13-inch 
■propeller. 

Three-quarter-front and side views of the model with 
the normal fuselage are given as figure 7; wixll the long 
fuselage, as figure 8. 

The mass and dimensional characteristics of the air- 
plane represented "by the 1/10-scale model are given in 
the following table: 



Weight, pounds 6770 

Moments of inertia, slug-feet 2 

I x • 3390 

Iy 5309 

I * 7953 

Span, feet . . • . . • • . • . 36 

Ving area, square feet 223.7 

Wing loading, pounds per square foot 30.3 

Aspect ratio 5.8 

M. A.C . , inches 74.6 

Horizontal tail area, square feet 54.0 

Brake horsepower 1750 



The horizontal tail on the model was 30 percent larger than 
the horizontal tail specified for the original airplane. 
The various vertical tails used in the investigation are 
shown in figures 9 to 11. The dimensional characteristics 
of these tails and the tail lengths used, measured from the 
center of gravity to the rudder hinge line 9 are included in 
table 1. 

TESTS AFD HSSULTS 
Test Conditions 



All the tests were made with the center of gravity at 
26.4 percent of the mean aerodynamic chord. The landing 
gear was extended for all tests. 
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plight Tests 



In the flight tests the e 1 e vat o r- 1 r in setting vrms 
varied over a range sufficient to cover the airspeed 
range of the model. Although the stability and control 
characteristics of tho model wore noted at each airspeed, 
particular attention was .given the lov-spe^d conditions. 
The following procedure was followed and ratings for each 
condition were assigned by the pilot: 

(a) The general stability characteristics were 
determined by noting the behavior of the model with 
controls fixed 

(b) The control requirements were noted when the 
ailerons and rudder wore used together for lateral control 

(c) The behavior of the model was noted when, the 
ailerons alone were used for lateral control 

(d) Finally, the rudder was used as the sole means 
of lateral control and its effectiveness in picking up 

a low -wing was noted. 

.The ratings given by the pilot for the various flight 
tests are given, in table II. A rating of "A" is considered 
necessary with ailerons and rudder used together, a rating 
of »B M is considered satisfactory for ailerons alone, and 
a rating of (( C M is considered satisfactory for flights with 
rudder used alone for lateral control. 



Force Tests 

In the force tests, the dynamic pressure was held 
constant at 2.825 pounds per square foot. The speed of 
the model propeller was varied to represent thrust coeffi- 
cients from -0.03 to 0.51. A thrust coefficient of 0.51 
represents 1750 brake horsepower with a propeller effi- 
ciency of 80 percent at an airspeed of 118 miles per hour. 
The torque coefficient associated with the thrust coeffi- 
cient of 0.51 represented a full-scale propeller speed of 
1860 rpm. Most of the tests were made with fl^ps retracted 
because the flight tests indicated that this condition was 
the most critical for directional stability. 

The results of the force tests are given in figures 12 
to 21. The basic aerodynamic characteristics of the model 
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with each, fuselage without propellers are given in figure 
12. The la t e r al-s tab i 1 i t f characteristics of the model 
with eacli fuselage and with vertical tail off ?re given in 
figure 13« The effect of flaps on the lateralis tability 
characteristics of the model with normal fuselage, tail 1, 
5 and windmill irg propeller is shown in figure 14. The 

A d i r e c t io-nal- s t abl 1 i ty characteristics of the model with 

the normal fuselage and various vertical tails are given 
in figure 15 for propeller windmilling and in figure 16 
for power on. Similar &ai6, are given in figures 17 and 
18 for the model with the long fuselage. A cross plot of 
C n g against the r^tio of tail length to wing span is 

given in figure 19. In figure 20, the increment of 
yawing-momeri t coefficient due to vertical tails; of two 
different aspect patio 8 are g i v e n for the model with long 
fuselage and propeller windmill ing. The variation of the 
rolling- and yaw ing-moraen t and lateral-force coefficients 
with thrust and torque coefficient are given for the model 
with the long fuselage for various vertical-tail configu- 
rations in figure 21. 

The values of the d i r e c t i o nal- s t ah i 1 i ty derivative 
0 n g for all conditions tested are summarized in table I. 

The increment of directional stability ecntribr.ted by the 
vertical tails 1 ' /as obtain 3d %7 deducting the slope 

with the tail removed from the slope With the tail on. The 
calculated values of £C n given in table I were obtained 



by the equation 



n Pt 



a Pt S b q 

The ratio q ^ / q was assumed to be unity with a windmilling 
propeller for the single tails and for both power conditions 
for the twin tails. For the power-on conditions with single 

q.t 8Tn 

tails, a ratio of — ~ 1 + — — was used. The ratio of 

the measured increments to the calculated v-tlues of AG*~ 

n P t 

gives an indication of the tail efficiency of each arrange- 
ment. 
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DISCUSSIOH 
Effect of Fuselage Length 



The direct effects of fuselage length on the lateral- 
stability characteristics of the model as determined from 
the force tests with the vortical tail removed are shown 
in figure IS. The effects of tail length on the direct ional- 

stabiiity derivative C- n f^r different tail and Dover con- 

np 

ditions are shown in figure 19. The long fuselage had a 
considerably greater unstable yawing moment that the normal 
fuselage without vertical tail surfaces. The increase was 
approximately proportional to the increase in fuselage length 
part of this increase in unstable moment with the long fuse- 
lage was undoubtedly due to the larger cowling and the more 
forward position of the propeller on the long fuselage out 
the greatest effect was believed to be due to the increased 
length. V/ith po^er on, tne unstable iaoment increased with 
both fuselages but the increase was more pronounced with 
the long fuselage. 

V/ith vertical tail 2, which has low aspect ratio, 
practically neutral directional stability was obtained with 
either fuselage. This effect indicated that the increased 
moment arm of the long fuselage provided only sufficient 
additional yawing moment to offset the additional unstable 
moment of tho fuselage. The increased tail length provided 
the expected increase in the increment of directional 
stability contributed by the tail as indicated by the fact 
that the tail-efficiency factors ri-t in table I had approx- 
imately the same values. 

With tail 3 or 4, which has higher aspect ratio than 

tail 2, somewhat higher values of Cn Q were obtained with 

P 

the long fuselage than v/ith the normal one for either power 
on or power off. This effect is jja r t i cv la r ly significant 
for it means that, although a deficiency in C n g cannot 

be overcome by increasing the tail length, increasing the 
tail length of an airplane that has a positive degree of 
directional stability will alio'? some reduction in tail 
area. This effect is to be expected inasmuch as both the 
unstable moment of the fuselage and the increment of moment 
from the tail are directly proj;o r t i onal to the fuselage 
length. 



The flight-test results were in good agreement with 
the results of the force tests. The same tail area was 
required with the long fuselage as with the normal one 
when either tail 1 or 2, which has low aspect ratio, was 
used. Although tail 2 on the long fuselage provided the 
same tail volume as tail 1 on the normal fuselage, the 
flight tests indicated somewhat less stability than when 
tail 1 was usod. In fact, with tail 2, the model with 
the long fuselage would trim at an angle of yaw of either 
10° or -10°, verifying the flab spot in the yawing-moment 
curve of figure 17. With either tail 3 or 4 , which has 
higher aspect ratio than tail 1 or 2, however, good flights 
were obtained with either fuselage as indicated in table II, 
Tail 4 Oxi the long fuselage provided the same tail volume 
as tail 3 on the normal fuselage. Sail 3 on the long fuse- 
lage provided the best flying arrangement for the model. 

Effect of Vertical-Tail Shape 

A study of the y c w ing-moment curves of figures 15 and 
17 indicated that the flat spot near zero yaw was chiefly 
a result of insufficient tail moment altnourh there was 
undoubtedly some shielding of the vertical tail at angles 
of yaw from -10° to 10°. This effect is shown in figure 
20 in which the increments of y aw ing-momen t coefficient 
due to the vertical bail are plotted for tails 1 and 3 on 
the long fuselage. With either tail, the slope is constant 
for angles of yaw fron 10° to -10°. 

The first change in tail shape, designed to provide 
more tail moment, was simply an increase in the aspect ratio 
of the original tail? without change of area. Tail,: 3 and 
4 have the same area as tails 1 and 2 but have aspect ratios 
of 2.28 instead of 1.00. V/ith either tail 3 or 4, the flat 
spot in th.i yawing-moiaent curves was eliminated for the wind 
milling condition as shown in figures 15 and 17. The incre- 
ments in v c .:,wing-momont slope due to the tails AC n p^ given 

in table I indicate that the tails which have the higher 
aspect ratio provided approximatoly the increase in slope 
that would be expected. The effectiveness of the vertical 
to.il h^s increased 67 percent by this increase of aspect 
ratio, 

Either tail 3 or 4 provided mere satisfactory flying 
characteristics and appeared to be more effective in every 
respect than tail 1 or 2. ?rom a simple analysis the con- 
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dition of neutral stability encountered with tails 1 and 2 
in the windmilling condition at small angles of yaw might ■ 
he expected to provide a steadier flying airplane inasmuch 
as simple side gusts would not change the heading of the 
airplane. In the flight teste of the model in the tunnel, 
however | the steadiest flights were obtained with the 
vertical tails that provided a positive, degree of direc- 
tional stability through zero yaw, particularly with tail 
3. With tail 1 or 2, the model would not hold any partic- 
ular heading "but would wander from 5° left yaw to 5° right 
yaw. The low dihedral of the model prevented any Objection- 
able rolling with the changes in angle of yaw and the model 
could he fl own continuously. The wandering condition, how- 
ever, was objectionable and was not improved by lengthening 
the fuselage. With tail 3, however, satisfactory and steady 
flights were obtained and the model was not unduly disturbed 
hy the turbulent air stream of the tunnel. 

Another attempt was made to eliminate the flat spot 
on the yaw curves by dividing the original tail into twin 
tails and locating them near the stabilizer tips cn the 
upper surface t.o get the tail area away from the influence 
of the fuselage. The aspect ratio and the total area of 
the twin tails (tail 5) were the same as for tail 3. A 
good yawing-momen t curve was obtained with these tails 
with a windmilling propeller (fig. 17) but, with power on 
(fig. 18), a flat spot was noticed at negative angles of 
yaw. Inasmuch as tails 3 and 4 were satisfactory, no further 
tests were made with the twin tails. 

With the propeller windmilling, the twin tails, tail 5, 
provided more tail moment than tail 3 apparently because 
they were located away from the reduced velocity region 
aear the fuselage. With power on, however, tail 5 was 
missed by the slipstream at low angles of yaw and the 
increased unstable moment of the fuselage with power on 
reduced the over-all stability of the model as indicated 
in figure 19 . 

The dorsal fins shown in figure 10 with tail 1 and in 
figure 11 with tail 3 were principally effective in pro- 
Tiding directional stability at large angles of yaw. Only 
a slight effect was measured at small angles of yaw. The 
stability characteristics of the model in flight were not 
changed in the normal-flight range by the addition of dorsal 
fins. It is believed, however, that the dorsal fins would 
restrict the trim angles of yaw to reasonable values for the 
high-power conditions. 
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Effect of Power 

The increase in the unstable yawing moment of the 
fuselage due to power shown in figure 13 was more pro- 
nounced with the long fuselage than with the normal one, 
The increase is apparently duo to the increased velocity 
of the slipstream passing over the unstable fuselage, 
power also introduced a lateral force, a rolling moment , 
and a yawing moment at zero yaw that were approximately 
proportional to the torque coefficient as shown in fig- 
ure 21. 

The increase in directional stability ACn^ con- 
tributed by the various single tails with power on was a 
direct function of the slipstream velocity. This effect 
is indicated by the fact that the efficiency factors 
were substantially the same with power on as they were 
with a windmilling propeller when an average slipstream- 
velocity factor was used in the calculations. 

In flight the model was more stable with power on 
for all conditions tested. The tendency for the model 
to wander in yaw with tail 1 or 2 was eliminated when 
power was applied. 



CONCLUSIONS 



Prom the results of f r e e-f 1 ight -tunnel tests of a 
1/10-scale dynamic model, on which two fuselage lengths 
and various vortical-tail arrangements were used, the 
following conclusions were drawn: 

1. Increasing the length of the fuselage was not a 
satisfactory means of converting a neutrally stable air- 
plane into a diractionally stable one because the unstable 
moment of the fuselage as well as the tail effectiveness 
increased directly as the fuselage length. 

2. Increasing the length of tha fuselage of a direction 
ally stable airplane allowed some reduction in vertical tail 
area. 

Z. The use of vertical tail surfaces of high aspect 

ratio was definitely beneficial. Increasing the asioect ratio 
from 1.00 to 2.28 increased the tail effectiveness "by 67 per- 
cent. 
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4. Power had a stabilizing effect on directional 
stability for single tails and a destabilizing effect 
for twin tails. 

5. Dorsal fins improved the directional stability 
at large angles of yaw. 
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TABLE I 



ANALYSIS Of DIEBCTICHAI STABILITY EZRIVATIVjj C 



s t /s 



m 



Sormal fuselage; = O.kJ 



60 nfl 



C n „ I Measured Calculated 

_JLl i 



irong fuselage; l/b = O.63 



n 3 



ACT] Q 



Measured Calculated 



Hone 
1 

o 

c 

3 
4 

5 



0.090 

.067 
.090 



1.00 
1.00 

2.2s 



.067 j 2.2s 

>9< 



1.50 

1.50 
2.50 
2.50 
2.50 




.0U3 
.027 



TABLE II 



RATINGS OF LATERAL STABILITY AND CONTROL BASED ON PILOT'S 
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OBSER7ATIONS OF BEHAVIOR OF MODEL IN FLIGHT 
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Figs. 1,5 
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Fig. 3 




Figure 3.- Diagram of six -component balance in free -flight tunnel. 
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Fig. 4 





figure 6.-The '//o-scate powered mode/ w/fih norma/ and /o/ig 
fuse /age as tested //? f/?e free-ftigh/ tun net. 
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Fig- 7 




(a) Three-auart er front view. 
Figure 7.- Views of l/10-scale model with normal fuselage and 
tail 1. 




(b) Side view. 
Figure 7.- Concluded, 
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Fig. 8 
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(a) Three-ouarter front view. 
Figure 8,- Views of l/10-scale model with long fuselage and 
tail 2. 




(b) Side view. 
Figure 8.- Concluded. 




Figure Vertical tail (tail 3 4- dorsal fin) as tested on mcdel with normal fuselage* 
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Figure IZt Lift, drag, and pitching -moment character! sties of the model untnout propeller: ro 




Ftcure The effect of fuse/aye length on the Ljauj characteristics of 
the model ujifh the vertical tail off.oc r =8) flaps neutral. 
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F\Gure I4.~ The effect of flaps on the Ljauu characteristics of the mode.1 
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Figure f 5.— The effect of vertical - tail arrangement on the Ljaujina- moment 
due to Ljouj of the model uuith normal fuselaoe, uuith uu/nd- 
millincj propeller. Flaps neutral j oC T = 8] !£ = -C.03 , 




Figure. 16,— The effect of vertical -tat/ arrangement on the uauj/ncj - moment due 
to uauj of the mode/ ujith normal fuselaqe . Flaps neutral; or* 8; 
T c = 0.5L 



W87 



.03 



Q 



c 

O 

i 



.01 



-01 



-DZ- 





1 










O 14 


None 
1 
Z 
3 
S 














r 

X 




- -10 
—32 




f\ 










- □ 

0 

- A 


— 16 
—26 




\ 

v 




















- 


|V 
V 


\ 




























v.. 




















X \ 
\ > 




— b. 




















\ 


































ID ^> 




























\ 


























\ 
















































1 


























r 



























-14 -/6 -6 0 8 

Ana/e of yau/,(^>, dec/ 



16 



14 



(l block = 10/52') 



TejA Vertical tail y> 



37 None 



> 




-8 0 8 

Ana/e of uaus, ijj, deo 



0) 



Figure/ 7. The effect of vertical-toil arranqemenf on the uqlui no Figure ISrThe effect of vertical-tail arrangement on the uauuino 

moment due to l/quj of the model with lonq moment due to uauj of the. model w/lh lonq fuse- ~ 
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